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@ Controlled absorption naproxen formulation for once-daily administration. 



@ A naproxen formulation for oral administration on a once-daily basis comprises a first portion of the 
naproxen formulated in a multiparticulate pellet form designed to release the drug at a rate sufficient to 
maintain therapeutically effective blood levels substantially over 24 hours when administered each day 
on a once-daily basis and, optionally, a second portion of the naproxen formulated so as to release the 

drug promptly foil owing admin istration so as to obtain_a_relatfcdy,imn^ 
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CONTROLLED ABSORPTION NAPROXEN FORMULATION FOR ONCE-DAILY ADMINISTRATION 

This invention relates to a controlled absorption pharmaceutical formulation and. In particular, to a control- 
led absorption form of naproxen for oral administration. 

Naproxen, a propionic acid derivative ((S) - 6-methoxymethyj-2-fiaphthaleneac8tic add), is a non-steroidal, 
antiinflammatory drug (NSAID) which exhibits analgesic and antipyretic properties. The exact mechanisms of 
action have not been dearly established, but many of the effects of naproxen are associated with the inhibition 
5 of prostaglandin synthesis and In particular cyclo-oxygenase, an enzyme that catalyzes the formation of pros- 
taglandin precursors from arachfdonic acid. Naproxen is used to relieve mild to moderately severe pain in 
rheumatoid arthritis, osteoarthritis and other inflammatory complaints* 

Naproxen has been available for use for over a decade and has been found to be acceptably non-toxic by 
many regulatory agencies. Naproxen is teed as either Rs free sc!d or Its sodium salt, naproxen sodium. The 
10 present application concerns a naproxen sodium formulation, however, it wii be understood that naproxen tree 
acid could also be used. 

Naproxen and naproxen sodium are conventionally administered on a two to four times daOy basis. Plasma 
naproxen concentrations of 30-30 pgfort reportedly are required for anti-inflammatory or analgesic effects. 
Reduced pain intensity has been demonstrated in sixty postpartum women from 0.5 to 6 hours after oral admlnl- 

15 station of naproxen or its sodium salt in doses sufficient to yield plasma naproxen levels between 30-70 pg/ml 
(Sevellus, K ef aL, (1980) ; Br. J. Clin. Pharmacol. 1 0, 259-263). Evidence from twenty-four patients with 
rheumatoid arthritis suggested that clinical response occurred at plasma naproxen levels above 50 pg/ml. (Day, 
R.O. ef a/., (19S2) ; din Pharmacol. Ther. 31 , 733-740). Thus. whDe the rate of absorption may affect the onset 
of analgesic activity, continued plasma levels of the drug are likely to be Important in maintaining analgesia. 

20 It Is an object of the present invention to provide a controlled absorption naproxen formulation suitable for 
once-daily administration, and particularly one which demonstrates an initial rate of absorption resulting in a 
rapid analgesic effect and then exhibits controlled absorption characteristics resulting in continued plasma 
levels of the drug over a 24 hour period. 

Accordingly, the Invention provides a naproxen formulation for oral administration on a once-daily basis, 

25 said formulation comprising a first portion of the naproxen formulated in a multiparticulate pellet form designed 
to release the drug at such arate as to maintain therapeutically effective blood levels substantially over 24 hours 
when administered each day on a once-daBy basis and. optionally, a second portion of said naproxen formu- 
lated so as to release the drug promptly following administration so as to obtain a relatively immediate therapeu- 
tic response. 

30 Preferably said first portion is in pellet form comprising a core of naproxen or a pharmaceutical ly acceptable 
salt thereof In association with an organic acid, the naproxen component and the organic acid being present 
in a ratio of from 20 :1 to 1 :1, and a multilayer membrane surrounding said core and containing a major pro- 
portion of a pharmaceutical^ acceptable fBrrvforming, water insoluble poiymerand optionally a minor proportion 
of a pharmaceutical^ acceptable film-forming, water soluble polymer, the number of layers in said membrane 

35 and the ratio of said water soluble to water insoluble polymer being effective to permit release of said naproxen 
from said pellet at a rate allowing controlled absorption thereof at therapeutically effective blood levels over a 
24 hour period following each daOy oral administration. Preferred formulations of the present Invention are those 
wherein the dissolution rate of said pellet, when measured in vitro in a type 1 dissolution ba sket apparatu s 

acxordingiolJ:SrPharma<»poeia XXII In phosphate buff^ 

40 to the following dissolution pattern : 

a) from 0 to 50% of the total naproxen Is released after 1 hour of measurement Jn said. apparatus ; 

b) from 20 to 70% of the total naproxen is released after 2 hours of measurement in said apparatus ; and 

c) not less than 50% of the total naproxen is released after 4 hours of measurement In said apparatus. 
When the dissolution rate of said pellet is measured in vitro in a type 2 dissolution basket apparatus accord- 

45 ing to U.S. Pharmacopoeia XXII In phosphate buffer at pH 7.4 and at 50 r.p.m. the dissolution rate substantially 
corresponds to the following dissolution pattern : 

a) from 20 to 70% of the total naproxen Is released after 1 hour of measurement in said apparatus ; 

b) not less than 50% of the total naproxen is released after 2 hours of measurement in said apparatus ; 
and 

oo c) not less than 75% of the total naproxen is released after 4 hours of measurement In said apparatus. 

The Invention also provides a controlled absorption naproxen formulation for oral administration, compris- 
ing pellets as hereinbefore defined, said formulation including a sufficient quantity of a rapid release form of 
naproxen to ensure prompt achievement of analgeslcally effective blood levels together with the prolonged 
effects described above. Such formulations comprising rapid and prolonged release components preferably 
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have a dissolution rate which when measured In a type 1 dissolution basket apparatus according to US. Phar- 
macopoeia XXII in phosphate buffer at pH 7.2 and at 75 r.p.m. substantially corresponds to the following dis- 
solution pattern : t 

a) from 15 to 50% of the total naproxen Is released after 0.5 hours of measurement in said apparatus ; 

b) from 25 to 75% of the total naproxen Is released after 1 hour of measurement In said apparatus ; and 

c) not less than 65% of the total naproxen is released after 4 hours of measurement In said apparatus. 

When the dissolution rate of said pellet is measured*? vftro In a type 2 dissolution paddle apparatus accord- 
ing to U.S. Pharmacopoeia XXII In phosphate buffer at pH 7.4 and at 50 r.p.m. the dissolution rate substantially 
corresponds to the following dissolution pattern : 

a) from 25 to 60% of the total naproxen Is released after 0.5 hours of measurement in said apparatus ; 

b) from 35 to 75% of the total naproxen is released after 1 hour of measurement in said apparatus ; and 

c) not less than 65% of the total naproxen Is released after 4 hours of measurement in said apparatus. 

The applicants have found in the case of the above foimulations of the present invention, that therapeuti- 
cally effective blood levels can be maintained substantially over 24 hours with peak plasma levels occurring 
between 2 and 16 hours, preferably between 4 and 10 hours. The present invention defines this desired time 
to peak plasma level as the Tmax of the formulation. ^ 

Advantageously, the formulation comprises a Wend of pellets as hereinbefore defined together with up to 
60% by weight of said rapid release form of naproxen, preferably 2045%. 

Most preferably, the rapid release form of naproxen comprises a rapid release granulate. 

The naproxen used in the preferred dosage forms of the present invention Is In the form of a pharmaceutic 
cally acceptable salt thereof, especially the sodium salt thereof. 

The organteacid Is preferably represented by one ormore of the following acids : adiplc add, ascorbic acid, 
citric acid, fumaric acid, malic acid, succinic acid or tartaric acid. Especially preferred acids are fumaric add 

and dtric add. mm j 

The core also optionally contains a lubricant which to represented by one or more of the following : sodium 
stearate, magnesium stearate, stearic add or talc. The naproxen and lubricant are preferably present in a ratio 
offrom 10:1 to 200:1. 

Preferably, the core comprises naproxen or a pharmaceutical^ acceptable salt thereof and the associated 
organic add embedded In a pdymerlc material. The polymeric material may be rapidly soluble In water or Insol- 
uble In water or freely permeable to naproxen and water. 

The term water soluble polymer as used herein Indudes polymers which are freely permeable to water, 
whilst the term water Insoluble polymer as used herein indudes polymers which are slightly permeable to water. 

The polymeric materia) preferably consists solely of a water Insoluble polymer or a polymer which is slightly 
permeable to water and aqueous solutions of naproxen. Alternatively, the polymeric material may consist solely 
of a water soluble polymer or a polymer which Is freely permeable to aqueous sduttans of naproxen and water. 
The polymeric material of the core may Include a combination of a water Insoluble polymer with a water soluble 
polymer. The ratio of water sduble/freely permeable to water insoluble/slightly permeable pdymer Is deter- 
mined by the particular combination of polymers selected. 

The water soiubie polymer Is suitably polyvinyl alcohd, polyvinylpyrrolidone, methyl cellulose, hydroxyp- 
ropyl cellulose, agar, carrageenan, xanthan, hydroxypropyimethyl cellulose or pdyethylene glycol or a mixture 
thereof. An espedalty preferred water soluble polymer is pdyvinytpynroJHone. 

A suitable polymer which is freely permeable to naproxen and water is a potym^ 

EUDRAGIT RL it J _ # 

The water insduble polymer of the core is suitably ethyl cellulose, cellulose acetate, cellulose propionate 
flower, medium or higher molecular weight), cellulose acetate propionate, cellulose acetate butyrete, cellulose 
acetate phthalate, cellulose triacetate, pdy(methy1 methacrylate), poly(ethyl methacrylate), pdy(buty! methao- 
ryfate), pdyflsobutyl methacrylate), poly(hexyl methacrylate), pdy (Isodecyl methacrylate), polyflauryl methac- 
rylate), pdy(phenyl methacrylate), po»y(methy! aaytate), pdyOsopropyl acryiate), pdyflsobujyt acrylate), 
po!y(octadecyi acrylate), pdy (ethylene), pdy (ethylene) low density, poly (ethylene) high density, pdy (pro- 
pylene), poly (ethylene oxide), pdy (ethylene terephthatete), poly (vtoyl Isobutyl ether), pdy (vinyl acetate), poly 
(vinyl chloride) or polyurethane or a mixture thereof. 

lha water insduble polymer of the core may also comprise naturally occurring polymers or resins. Espe- 
dalty suitable water insduble, naturally occuning pdymers include shellac, chltosan, gumjuniper or a mixture 
thereof. 

A suitable polymer which Is slightly permeable to naproxen and water is a pdymer sdd under the Trade 
Mark EUDRAGIT RSora polymer whose permeability is pH dependent and sdd under the Trade Mark EUD- 
RAGIT L, EUDRAGIT S or EUDRAGIT E. Especially preferred polymers In this category are EUDRAGIT L. 

EUDRAGIT polymers are polymeric lacquer substances based on acrytates and/or methacrylates. The 
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polymeric materials sold under the Trade Mark EUDRAGIT RL and EUDRAGfT RS are acrylic resins comprising 
copolymers of acrylic and methacrylic add esters with a low content of quaternary ammonium groups and are 
described in the •EUDRAGIT" brochure of Messrs. Rohm Pharma GmbH (1985) wherein detailed physical- 
chemical data of these products Is given. The ammonium groups are present as salts and give rise to the per- 
s meabOlty of the lacquer films. EUDRAGIT RL and RS are freely permeable (RL) or slightly permeable (RS), 
respectively, independent of pH. 

EUDRAGIT L Is an anionic polymer synthesized from methacrylic acid and methacrylic acid methyl ester. 
It is insoluble In acids and pure water, It becomes soluble In a neutral to weakly alkaline milieu by forming salts 
with alkalis. The permeability of EUDRAGfT Lis pH dependent Above pH 5.0, the polymer becomes increas- 
10 Ingly permeable. EUDRAGIT L is described In the "EUDRAGIT L" brochure of Messrs. Rohm Pharma GmbH 
(1986) wherein detailed physical-chemical data of the product Is given. 

The core suitably has a number of layers of the core-forming materials and is built up in a manner known 
' perse. 

A multi-layer arrangement of naproxen, organic acid and polymeric material is preferably built up on a cant- 
15 ml active core. The active core Is formed by blending naproxen, organic acid and polymeric material to form a 
homogenous powder. A portion of the above blend Is shaped to form a central core. A multMayer arrangement 
Is then buBt up by a successive layering and binding process wherein the remainder of the blend and a polymer 
binding solution are applied to the active core in alternative layers In a conventional coating pan. Alternatively, 
an automatic coating system may be used where the remainder of the blend and polymer binding solution is 
20 applied to the active core, simultaneously. Conventional automated coating systems include, for example, a 
CF granulator or a Glatt fiuidized bed. The cores are formed to assure a uniform distribution of naproxen and 
exd plant ingredients throughout the core. The preferred average diameter of the completed cores is in the range 
of 0.4- 1.6 mm, an especially preferred average diameter being In the range of 0.6 - 1.2 mm. 

The multi-layer arrangement of naproxen, organic acid and polymeric materia) may also be built up on a 
25 central inert core, suitably consisting of a non-pareQ bead or seed of sugar/starch having an average diameter 
In the range 0.2-1.4 mm, especially 0.3-0.8 mm. The naproxen, organic acid and polymeric material may be 
bunt up on a central inert core as hereinbefore defined In a conventional coating pan or any automated coating 
system. 

The naproxen, organic acid and optional other components are blended to form a homogenous powder, 
so The naproxen component and organic acid component are preferably present In a ratio of from 20 :1 to 1 :2, 
more especially 6:1 to 1 :1. The blend is suitably passed through the appropriate mesh screen using a milling 
machine. In the case of coating in a conventional coating pan, alternate layers of a coating solution/suspension 
of the polymeric material and the powder are applied to the central Inert core to build up the multi-layer arrange- 
. ment of the core. In the case of an automatic coating system, the coating solution/suspension of the polymeric 
35 material and the powder are applied, simultaneously, In conventional manner. The coating solution/suspension 
. of the polymeric material comprises one or more polymers dissolved/suspended In e suitable solvent or mixture 
of solvents. The concentration of the polymeric material In the coating solution/suspension is determined by 
the viscosity of the final solution/suspension. Preferably, between 5 and 60 parts of the central Inert cores are 
used relative to the homogenous powder. The addition of a plasticizing agent to the polymeric sdution/sus- 
40 pension may be necessary depending on the formulation to improve the elasticity and also the stabflity of the 
polymer fflm and to prevent changes in the polymer permeability over prolonged storage. Such changes could 
affect the drug release rate. Suitable plasticizing agents include polyethylene glycol, propylene glycol, glycerol, 

Wacetin.^ttmethyl-phthalaterdie^ 

triethyl acetyl citrate, castor oQ and varying percentages of acetyl ated monoglycerides. 
45 As mentioned above, the core may optionally contain a lubricant A preferred range of naproxen to lubricant . 
ratio when a central Inert core Is used is 50:1 to 5:1. 

Preferred coating materials include - solutions/suspensions of the polymers cited for use in the application 
of the powder blend to the central cms in a suitable organic/aqueous carrier medium. 

The membrane of the fBm-formlng polymer or mixture of polymers surrounding the core preferably has a 
so proportion of a polymer which is slightly permeable to naproxen and water and optionally a proportion of a water 
permeable polymer, the ratio of slightly water permeable to water permeable polymer being determined by the 
inherent permeability characteristics of the polymers) selected. 

The membrane may also be composed of a proportion of a polymer which is water Insoluble and a propor- 
tion ofa polymer which is water soluble, the ratio of water insoluble to water soluble polymer being determined 
55 by the inherent permeability characteristics of the respective polymers. 

Normally the ratio of water insoluble/slightly permeable polymers to water soluble/permeable polymers lies 
betweenl and 50 :1, more usually 1 :2 and 20 :1 . Examples of each of these types of polymer are described 
above. Especially useful water soluble/permeable polymers include polyvinylpyrrolidone, polyvinyl alcohol and 
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EUDRAGIT RL, whQst useful water insoluble/slightly permeable polymers Include ethyl cellulose, cellulose ace- 
tate EUDRAGIT RS, EUDRAGIT L. EUDRAGIT E and EUDRAGIT S. Commercially available ready-made 
polymeric solutions/suspensions may also be useful. These ready-made solutions/suspensions may optionally 
contain piastJcfeing agents to Improve the polymer film as described previously. Examples of ready-made sol- 

5 utlons/suspenstons of polymeric material with or without piastjdztng agent Include EUDRAGIT RL SOD, EUD- 
RAGIT NE30D, EUDRAGIT E 12.5, EUDRAGIT L 12.5 P, EUDRAGIT E 12.5, EUDRAGIT S 12^ P # EUDRAGIT 
RL 12.5, EUDRAGIT RS 300, EUDRAGIT RS 12.5, AQUACOAT (a Trade Marie of FMC Coiporatton) and 
SURE-LEASE (a Trade Marie of Colorcon Inc.). 

The water Insoluble polymer of the membrane may also comprise naturally occurring polymers or resins. 

10 Especially suitable water Insoluble, naturally occurring polymers Include shellac chttosan, gumjunlperor a mbct- 

m The membrane may be buBt up by applying a plurality of coats of membrane polymer solution or suspension 
to the core as hereinafter described. The membrane solution or suspension contains the pdymer(s) dissolved 
or suspended, respectively. In a suitable aqueous or organic solvent or mixture of solvents, optionally In the 

16 presence of a lubricant Suitable lubricants are talc, stearic add, magnesium stearate and sodium stearate. A 
particularly preferred lubricant Is talc. The membrane, polymer or mixture of polymers may optionally Include 
a piastlcizlng agent, the function and choice of which has been previously described. 

The dissolution rate achieved is proportionally slower as the amount of membrane applied Is increased. 
The membrane solution or suspension may be applied to the active cores In a conventional coating pan 

20 as Indicated or, alternatively, using an automated system such as a CF granulator, tor example, a FREUND 
CF granulator, a GLATT fluldized bed processor, an AEROMATIC, a modified ACCELArCOTA or any other 
suitably automated bead coating equipment (FREUND, GLATT, AEROMATIC and ACCELArCOTA are an 
Trade Marks). 

Preferably 2-75 ml of membrane solution/suspension Is applied per application per kOogram of cores. In 
25 an automated system the total amount of membrane solution/suspension applied to the cores Is the same as 
that applied In a conventional coating pan, except that the membrane solution/suspension may be applied con- 
tinuously. 

Preferably, when a coating pan is used the membrane Is applied at a rate of 5-30 applications/day untfl all 
of the applications have been applied. Between days the pellets are dried for a suitable period of time at a oon- 

30 trolled temperature. _ * . 

The pellets and granulate may be compressed into tablets using a binder and/or hardening agent commonly 
employed in tablefing such as microaystalline cellulose sold under the Trade Mark "AV1CEL" or a co-crystal- 
lized powder of htgMy modified dextrins (3% by weight) and sucrose sold under the Trade Mark "DI-PAC to 
such a way that the specific dissolution rate of the pellets is maintained. ' 

95 The pellets by themselves or combined with naproxen powder or naproxen cores may also be tiled Into 
hard or soft gelatine capsules. 

Thus the applicants have incorporated multiparticulate pellets of the sodium salt of naproxen Into a tablet 
base. These miilti-particulate pellets are formulated with sustained release characteristics allowing a continu- 
ous supply of naproxen to be maintained in the plasma to achieve a prolonged analgesic effect On admlnls- 

40 tratton of the naproxen formulations of the present invention, the formulation, preferably a tablet* rapidiy 
dissociates releasing the pellets over a wide area of the Gl tract Thus, the number of gastrointestinal absorption 
sites b increased minimizing the occurrence of adverse Gl effects often associat ed with the administration of 
NSAIDs such as naproxen. The subject naproxen tablet formulation therefore Is Ideally suited to a once-daily 
dosage regimen having the potential for fewer associated adverse Gl effects. 

45 The accompanying Figure Is a graph of mean plasma levels (pg/ml) versus time (hours) for a naproxen 
formulation according to the invention relative to two reference naproxen formulations. 
The invention win be further illustrated by the following Examples : 

Example 1 

60 

Naproxen sodium (50 kg), citric acid (14.286 kg), sodtomlauryl sulphate (1.071 kg) and talc (3.571 kg) ware 
blended and muled through a suitable mesh screen so as to obtain a homogenous powder. 

The powder was applied to starch/sugar seeds (0.3 - 0.425 mm diameter) (4.286 kg) using a FREUND CF 
granulator and a coating solution of 3.5% polyvinylpyrrolidone in isopropanol to form the — 
55 A membrane was then applied to the cores by spraying on a solution consisting of : 
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12.5% EUDRAGIT RS in 

acetone/isopropanol 40:60 SO parts by weight 

12.5% EUDRAGIT RL in 

acetone/isopropanol 40:60 40 parts by weight 

12.5% EUDRAGIT L in 

acetone/isopropanol 40:60 10 parts by weight 

Isopropanol 100 parts by weight 

while at the same time but separately dusting on talc (100 parts by weight) in conventional manner. The ratio 
of membrane solution to talc applied was 0.62 g of talc per gram of membrane solution. A sufficient amount of 
membrane solution and talc was applied to 76.214 kg of cores to achieve the dissolution profile given below. 

The finished pellets were dried to evaporate aO solvents prior to performing the dissolution profile. 

A wet granulation of naproxen sodium (29.100 kg) and polyvinylpyrrolidone (K30) (0.900 kg) was prepared 
by adding isopropanol (8.2351 kg) slowly with mixing. Mixing was continued untfl a uniform mass was produced. 
The granulation was dried for a minimum of 12 hours at a temperature of not less than 45°C. The dried granu- 
lation was then passed through an oscillating granulator. 

Naproxen sodium pellets (27.216 kg) and naproxen granulate (8. 112 kg) were blended with additional tab- 
leting excfpients ; 

Mlcrocrystalllne cellulose 15.372 kg 

Crosspovfdone 1-049 kg 

Magnesium stearate 0.260 kg 

and pressed into unooated tablets. 

Slight adjustments may be made in the above quantities to ensure a target tablet potency of 500 mg of 



The naproxen tablets were coated with an aqueous film coat To do so, 0.350 kg of Opadry White OY-D- 
7192 (Opadry White is a Trade Marie) was weighed and slowly added wUh mixing to 1-400 kg of purified water. 
Mixing was continued for 30 minutes. 10 kg of uncoated tablets were weighed and placed in an ACCELA-COTA. 
The coating was sprayed onto the tablets at a rate of 30-70 g per minute untfl coating was complete. 

The dissolution rate of the pellets prepared above, prior to mixing with the granulate, was tested by the 
method of the U.S. Pharmacopoeia XXII Basket Method in phosphate buffer at pH 7.2 and at 75 r.p.m. The 
naproxen sodium was quantitatively determined using u.v. spectrophotometry at 331 nra 
The dissolution rate was as follows : 

% Naproxen Sodium 



Time fti) EskSSSd 



1 
2 
4 



112 
42.6 
803 



The dissolution rate of the coated tablets was tested and determined to be as follows : 
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% Naproxen Sodium 
Time Art *ejea§sd 

0.5 36 ' 8 
" 50.5 

4 953 



Example 2 



Naproxen sodium (15.4 kg), citric acid (4.4 kg) and talc (0.200kg) ware blended and mlled through a eutt- 
able meah screen to obtain a homogeneous powder. This powder blend was layered Into spherical cores using 
js s FREUND CF granulator or a GLATT and a coating solution of 12.5% Eudragit RS in isopropanoi. 
A membrane was then applied to the cores by spraying on a solution consisting of : 

12.5% EUDRAGIT RS in 
n acetone/isopiopanol 40:60 70 parts by weight 

YLJ5% EUDRAGIT RL in 

acetone^sopropanol 40:60, . 10 parts by weight 

25 

12.5% EUDRAGIT L in 

acetoneAsopropanol 40:60 .1 20 parts by weight 

Isopropanoi 100 parts by weight 

while at the same time but separately dusting on talc (40 parts by weight) In the conventional manner. The ratio 
55 of membrane solution to talc applied was 0.25 g of talc per gram of membrane solution. A sufficient amount of 
membrane solution and talc was applied to 20.00 kg of cores to achieve the dissolution profile given below. 
The finished pellets were dried to evaporate all solvents prior to performing the dissolution test 
A wet granulation of naproxen sodium (9.700 kg) and pdyvinylpyiroHdons (K30) (0.300 kg) was prepared 
by adding Isopropanoi (2.745 kg) slowly with mixing. Mixing wa&oonflnued until a uniform mass was produced. 
40 The granulation was dried for a minimum of 12 hours at a temperature of not less than 45°C. The dried granu- 
lation was then passed through an oscillating granulator. . 

Naproxen sodium peOets (24 kg) and naproxen granulate (0.4 kg) were blended with additional tabfeting 
exciplents : 

MicrocrysteDine cellulose 4.63 kg 

45' Crosspdvidone 0776 kg 
Magnesium stearate 0.19 kg 

PVPK30 0.76 kg 

and pressed into uncoated tablets. 

SHghtadjustments may be made In the above quantities to ensure a target potency of 500 mg of naproxen. 
so The naproxen tablets were coated with an aqueous film coat To do so, 0.350 kg of Opadry White OY-D- 
7192 was weighed and slowly added with mixing to 1.400 kg of purified water. Mbdng was continued for 30 
minutes. 10 kg of uncoated tablets were weighed and placed in an ACCEtArCOTA. The coating was sprayed 
onto the tablets at a rate of 30-70 g per minute until coating was complete. 

The dissolution rate of the pellets prepared above, prior to mixing with the granulate, was tested by the 
55 method of the U.S. Pharmacopoeia XXII Basket Method in phosphate buffer at pH 7.2 and at 75 r.pm The 
naproxen sodium was quantitatively determined using u.v. spectrophotometry at 331 ran. 
The dissolution rate was as follows : 
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% Naproxen Sodium 

r*me(h) Bsfeassd 

1 23.9 

2 36.6 
4 61.3 

The dissolution rate of the coated tablets was tested and determined to be as follows : 

% Naproxen Sodium 
Time Art Reused 

1 60.0 

2 78.3 



4 89.2 



Examples 



Naproxen sodium (25 kg), citric acid (7.141 kg) and talc (0.325 kg) were blended and mined through a suit- 
able mesh screen so as to obtain a homogeneous powder. This powder blend was divided into two portions 
and layered into spherical cores using a FREUND CF granulator or a GLATT and a coating solution of 12.5% 
Eudraglt RS In isopropanoL 

A membrane was then applied to the cores by spraying on a solution consisting of : 

12.5% EUDRAGTT RS in 

acetone/isopropanol 40:60 75 parts by weight 

12.5% EUDRAGIT RL in 

acetone^sopropahol 40:60 25 parts by weight 

Isopropanol 100 parts by weight 



whDe at thasamelin^but separately dustin ratio" 
of membrane solution to talc applied was 0.06 g of talc per gram of membrane solution. A sufficient amount of 
membrane solution and talc was applied to 33.4 kg of cores to achieve the dissolution profile given below.. 
The finished pellets were dried to evaporate all solvents prior to performing the dissolution test 
A wet granulation of naproxen sodium (19.400 kg) and polyvinylpyrrolidone (K30) (0.600 kg) was prepared 
by adding Isopropanol (1 .529 kg) slowly with mining. Mixing was continued until a uniform mass was produced. 
The granulation was dried for a minimum of 12 hours at a temperature of not less than 45°C. The dried granu- 
lation was then passed through an oscillating granulator. 

Naproxen sodium pellets (25 kg) and naproxen granulate (7.85 kg) were blended with additional tableting 
exciplents : 

Microcrystafllne cellulose 6.00 kg 

Crosspovldone 0.815 kg 

Magnesium stearate 0.200 kg 

PVPK30 0.815 kg 

and pressed into uncoated tablets. 

Slight adjustments may be made in the above quantities to ensure a target tablet potency of 500 mg of 
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30 



SO 



naproxen. 

The naproxen tablets were coated with an aqueous film coat To do so, 0.350 kg of Opadry White OY 9400 
waTwetghed and slowly added with mixing to 1.400 kg of purified water. Mining was continued for 30 minutes. 
1 0 kg of unooated tablets were weighed and placed in an ACCELA-COTA. The coating was sprayed onto the 
tablets at a rate of 30-70 g per minute until coating was complete. 

The dissolution rate of the pellets prepared above, prior to mixing with the granulate, was tested by the 
method of the U.S. Pharmacopoeia XXII Basket Method In phosphate buffer at pH 7.2 and at 75 r.p.nu The 
naproxen sodium was quantitatively determined using u.v. spectrophotometry at 331 ran. 

The dissolution rate was as follows : 

% Naproxen Sodium 
Time fh) Released 

1 30,1 

2 4Z5 
4 61J 

The dissolution rate of the coated tablets was tested and determined to be as follows : 

% Naproxen Sodium 
Time (h) EsI&aSfid 

0.5 39.6 
1 55.0 
4 90.0 

Example 4 

Naproxen acid (50 kg), citric acid (15.64 kg), sodium lauryl sulphate (0.071 kg) and talc (0.500 kg) were 
blended and milled through a suitable mesh screen to obain a homogeneous powder. This powder blend was 
layered Into spherical cores using a FREUND CF granulator or a GLATT and a coating solution of 1 2.5% Eud- 
ragit RS in isopropanol. 

A membrane was then applied to the cores by spraying on a solution consisting of : 

12J% EUDRAGIT RS in 

acetone/isopropanol 40:60 90 parts by weight 

12.5% EUDRAGIT RL in 

acetone/isopropanol 40:60 10 parts by weight 

Isopropanol 100 parts by weight 



while at the same time but separately dusting on talc (20 parts by weight) in the conventional manner. The ratio 
of membrane solution to talc applied was 0.125 g of talc per gram of membrane solution. A sufficient amount 
55 of membrane solution and talc was applied to 66.22 kg of cores to achieve the dissolution profile given below. 
The finished pellets were dried to evaporate aD solvents prior to performing the dissolution test The dis- 
solution rate of the pellets was tested by the method of the U.S. Pharmacopoeia XXI! Basket Method in phos- 
phate buffer, at pH 7 St and at 75 r.pjn. 
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The naproxen was quantitatively determined using u.v. spectrophotometry at 331 nm. 
The dissolution rate was as follows : 

% Naproxen 

Time 00 folded 

1 23-9 
« 2 36.6 

4 61.3 
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Examples 

Naproxen cores were prepared according to Example 1. A membrane was then applied to the cores by 
spraying on a suspension of : 
30% EUDRAGIT RS In water 30 parts by weight 
30% EUDRAGIT RL in water 6 parts by weight 
Talc 6 parts by weight 

Water 50 parts by weight 

The remaining 8 parts by weight were made up by a 9 rl mixture of tributyiacetyl citrate, a plasticizer. and 
simethicone, an antifoam agent 

A sufficient amount of membrane solution was applied to achieve the following desired release rate. 

% Naproxen Sodium 



1 29.8 

2 47,7 
4 73-6 



.Examples 



•Naproxen cores were prepared according to Example 3. 

A membrane was then applied to the cores by spraying on a suspension of : 
40 30%, EUDRAGIT RS in water 40 parts by weight 
30%, EUDRAGIT RL In water 2 parts by weight 
Talc 6 parts by weight 

W ater 50-parts-by-welght- 



The remaining 2 parts by weight were made up by a 9 rl mixture of tributyiacetyl citrate, a plasticizer, and 

46 simethicone, an antifoam agent- • • - 

A sufficient amount of membrane solution was applied to achieve the desired release rate of ; 



% Naproxen Sodium 

Tims ft) Released 

1 14.5 

2 42.7 
4 7L1 

Example 7 
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Naproxen sodium (30.0 kg), cilrfcacid (5.00 kg) and talc (0.400 kg) were Wended and milled through asuft- 
able mesh screen to obtain a homogeneous powder. This powder blend was layered Into spherical cores using 
a FREUND CF granulator or a GLATT and a coating solution of 12.5% Eudiagit RS In Isopropanol. 

A membrane was then applied to the cores by spraying on a solution consisting of : 

123% EUDRAGTT RS in 

acctoneAsopropanol 40:60 85 parts by weight 

12.5% EUDRAG1T RL in 

acetone/isopropanol 40;60 15 parts by weight 

Isopropanol 100 parts by weight 



while at the same time but separately dusting on talc (40 parts by weight) In the conventional manner. The ratio 
of membrane solution to talc applied wis 0.25 g of talc per gram of membrane solution. A sufficient amount of 
20 membrane solution and talc was applied to 35.4 kg of cores to achieve the dissolution profile given below. 
The finished pellets were dried to evaporate aH solvents prior to performing the dissolution test 
A wet granulation of naproxen sodSum (14.550 kg) and polyvinylpyrrolidone (K30) (0.450 kg) was prepared 
by adding Isopropanol (4.1 16 kg) slowly wffli mixing. Mixing was continued until a uniform mass was produced. 
The granulation was dried for fc a minimum of 12 hours at a temperature of not less than 45-C. The dried granu- 
25 lation was then passed through an oscillating granulator. 

Naproxen sodium pellet (35.0 kg) and naproxen granulate (8.10 kg) were blended with additional tableting 

exdplent : 

Microcrystalltoe cellulose 8.346 kg 

Crosspovidone 1.077 kg 

so Magnesium stearate 0.270 kg 

PVPK30 0.077 kg 

and pressed Into uncoated tablets. -^—^ ^ 

Slight adjustements may he made (n the above quantities to ensure a target tablet potency of 750 mg of 

as naP TCe naproxen tobletswere coated *lth an aqueous fflm coat To do so, 0.350 kg of Opadry White OY 9400 
was weighed and slowly added with mixing to 1 .400 kg of purified water. Mixing was continued for 30 irinutes. 
10 kg of uncoated tablets were weighed and placed In an ACCELArCOTA. The coating was sprayed onto the 
tablets at a rate of 30-70 g per minute uritO coating was complete. 

The dissolution rate of the pellets prepared above, prior to mixing with the granulate, was tested by the 
4b method of U.S. pharmacopoeia XXII Basket Method In phosphate buffer at pH 72, and at 75 rprnThe naproxen 
sodium was quantitatively determined using u.v. spectrophotometry at 331 nm. 
The dissolution rate was as foflow : 

% Naproxen Sodium 
TimeQrt Reused 

1 50,7 
» 2 71.3 

4 88.0 

55 The dissolution rate of the coated tablets was tested and determined to be as follows : 
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% Naproxen Sodium 
Time Art BsISflSSd 



0.5 ^5 
x 71.8 
4 89.4 



Example 8 



Naproxen sodium (22.5 kg), cHrlc acid (1.125 kg) and talc (0.251 kg) were blended and milled through a 
suitable mesh screen to obtain a homogeneous powder. This powder blend was layered into spherical cores 
is using a FREUND CF granulator or a GLATT and a coating solution of 12.5% Eudragit RS in isopropanol. 
A membrane was then applied to the cores by spraying on a solution consisting of : 



12.5% EUDRAGIT RS in 
20 acetone/isopropanol 40:60 70 parts by weight 

12. 5% EUDRAGIT RL in 
25 acctone/isopranol 40:60 10 parts by weight 

12.5% EUDRAGIT L in 

acetone/isopropanol 40:60 20 parts by weight 

Isopropanol 100 parts by weight 

35 whDe at the same time but separately dusting on talc (5 part by weight) in the conventional manner. The ratio 
of membrane solution to talc applied was 0.03 g of talc per gram of membrane solution. A sufficient amount of 
membrane solution and talc was applied to 12.48 kg of cores to achieve the dissolution profBe given below. 
The finished pellets were dried to evaporate all solvents prior to performing the dissolution test 
A wet granulation of naproxen sodium (14.55 kg) and polyvinylpyrrolidone (K30) (0.45 kg) was prepared 
40 by adding isopropanol (1 .147 kg) slowly with mixing. Mixing was continued until a uniform mass was produced. 
The granulation was dried for a minimum of 12 hours at a temperature of not less than 45°C. The dried granu- 
lation was then passed through an oscillating gramiator. 
-Naproxen sodium^leMliO kg) aj^ 



leting excipients : 

49 Microcrystalline ceOulose 2.32 kg 
Cross povidone 0.58 kg 
Magnesium stearate 0.10 kg 
PVP K30 0.38 kg 

and pressed into uncoated tablets. 

50 Slight adjustments may be made in the above quantities to ensure a target tablet potency of 750 mg of 
naproxen. 

The naproxen tablets were coated with an aqueous film coat To do so, 0.350 kg of Opadry White OY-D- 
7192 was weighed and slowly added with mixing to 1.400 kg of purified water. Mixing was continued for 30 
minutes. 10 kg of uncoated tablets were weighed and placed In an ACCELArCOTA. The coating was sprayed 
55 onto the tablets at a rate of 30-70 g per minute until coating was complete. 

The dissolution rate of the pellets prepared above, prior to mixing with the granulate, was tested by the 
method of the U.S. Pharmacopoeia XXII Basket Method In phosphate buffer at pH 7.2 and at 75 r.p.m. The 
naproxen sodium was quantitatively determined using u.v. spectrophotometry at 331 ran. 
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The dissolution rate was as follows : 

% Naproxen Sodium 
Time 00 Rglsased 

1 23.9 

2 36.6 
4 61.4 

The dissolution rate of the coated tablets was tested and determined to be as follows : 

% Naproxen Sodium 
Time Ori Bfileaged 

0.5 40.8 
1 70.0 
4 87.0 

Pharmacological Data for Naproxen Formulations 
tn Vivo Performance : 

Pharmacological Data for Naproxen Formulation of E xample 1 

The naproxen formulation prepared In Example 1 was evaluated in vivo under steady state conditions. 

A steady state study was performed In 1 8 healthy male volunteers, comparing the formulation of Example 
1 with selected reference products. Le. t conventional immediate release tablets. The formulation of Example 
1 was administered as a single taWeted dose of 1,000 mg of naproxen at 0 hours on days 1-7. while reference 
Naprosyn (N), a commercially available naproxen formulation manufactured by Syntax which Is administered 
twice dally, was administered as a single 500 mg tablet at 0 and 12 hours (Le. bXd.) on days 1-7 and reference 
Synflex (S), a commercially available naproxen sodium formulation manufactured by Syntax which is adminis- 
tered three to four times daily, was administered as a single 250 mg dose at 0, 6. 12 and 18 hours (Le. q.Ld.) 
on days 1-7. Plasma was sampled out to 24 hours and the mean results were calculated and tabulated. The 
results are illustrated In the accompanying Figure, in the latter Figure curve a) corresponds to a naproxen for- 
mutation prepared according to Example 1 ; curve b) corresponds to Reference (N) ; and curve c) corresponds 
to Reference (S). 

The data presented in Table 1 are from day 7 sampling. 
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Table 1 



Mean Naproxen Concentrations (yip/mll - Dav 7 









Formulation of 


Hour 


Reference CN~) 


Reference (S) 


Example 1 


on 


46.95 


59.80 


42.39 




86 41 


84 92 


74.95 




102.09 


94.33 


84.89 


o no 


99 33 


77.63 


90.15 


4 00 


7638 


65.05 


93.09 


600 


63 34 


53 90 


91.22 


6 50 


59.20 


58.21 


87.26 


700 


57 10 


68 53 


88.48 


8 00 


52.76 


72.98 


80.64 


10.00 


48.56 


6932 


69.02 


12.00 


41.16 


57.07 


65.68 


1230 


55.27 


62.46 


63.52 


13.00 


67.12 


72.45 


60.83 


14.00 


83.94 


74.81 


57.78 


16.00 


80.05 


67.10 


51.26 


18.00 


68.39 


55.96 


44.37 


18.50 


63.09 


66.89 


45.84 


19.00 


62.14 


74.40 


44.63 


20.00 


58.99 


72.92 


42.89 


22.00 


53.39 


68.11 


39.97 


24.00 


47.90 


61.38 


38.30 



The results of this in vivo comparison of the formulation of Example 1 against conventional Immediate 
release tablets (Reference N and S) indicate the formulation of Example 1 to be bloequtvalent (99.28%) to 
Reference N and bfoequivalent (95.46%) to Reference S. Both Example 1 and Reference S formulations use 
the sodium salt of naproxen, the Reference N formulation, however, usee the free acid form of naproxen. Gen- 
erally, peak plasma concentrations following administration of naproxen as its sodium salt are higher and are 
attained more rapidly than those following administration of naproxen as the free acid, hence the use of the 
sodium salt In^e^nventtonaT 

The Tmax value of the formulation of the present invention of 5.0 hours was significantly longer than that 
of Reference N at 1.36 hours, thus demonstrating the improved suitabDity of the present formulations jn terms 
of maintaining naproxen plasma levels Important for continued analgesia and anti-Inflammatory effects up to 
24 hours following administration Furthermore, the formulation of Example 1 exhibited an extended mean 
plasma profile with adequate duration of time cover In the range of desired therapeutic plasma naproxen con- 
centrations of 30-60 pg/ml. Also, the mean Qmax value of the product of Example 1 was close to the Cmax 
so values of the References, indicating that the sustained release characteristics of Example 1 did not adversely 
affect the maximum plasma levels attained following administration of the formulation. 

A gastric tolerability questionnaire was completed by each subject on each day of the study. The results 
indicated a 47% reduction in adverse gastrointestinal effects for the formulation prepared according to Example 
1 when compared to those recorded by Reference N or S. 

The clinical efficacy of the naproxen formulation according to the present invention was evaluated In 
osteoarthritic patients. In osteoarthritis, NSAIDs are primarily used for their analgesic rather than their anti- 
Inflammatory effect, although inflammation may be part of the symptomatology. To evaluate the formulation of 
the present Invention, the formulation of Example 1 was compared with Naprosyn In a double-blind double 
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placebo controlled study in osteoarthritic patients. 

Efficacy of both naproxen foimulations was indicated by the degree of pain assessed by the patient on a 
visual analogue scale and was graded on a four point verbal rating scale. In addition, blood samples were anal- 
ysed for naproxen plasma concentrations and any adverse effects were recorded. A gastrointestinal tolerabOity 
questionnaire was completed by each volunteer at the end of each treatment period. 

In summary, in terms of clinical efficacy, the naproxen fbimulation according to the present Invention per- 
formed as weO as the reference and was superior to the reference In terms of fewer gastrointestinal complaints 
and adverse events, thus demonstrating the safety and advantage of the multiparticulate formulations of the 
present invention when compared with the commercially available reference products. 



Claims 

1. A naproxen formulation for oral administration on a once-daily basis, said formulation comprising a first 
portion of the naproxen formulated in a muIU-partfculate pellet form designed to release the drug at such 
a rate as to maintain therapeutically effective blood levels substantially over 24 hours when administered 
each day on a once-daily basis and, optionally, a second portion of said naproxen formulated so as to 
release the drug promptly following administration so as to obtain a relatively Immediate therapeutic res- 
ponse. 

2. A naproxen formulation according to Claim 1 , characterised in that said first portion is in peBet form, said 
pellet comprising a core of naproxen or a pharmaceutical^ acceptable salt thereof in association with an 
organic acid, the naproxen component and the organic add being present in a ratio of from 20 ;1 to 1 :1, 
and a multHayer membrane surrounding said core and containing a major proportion of a pharmaceutical^ 
acceptable film-forming, water Insoluble polymer and optionally a minor proportion of a pharmaceutical 
acceptable fflnvforming, water soluble polymer, the number of layers In said membrane and the ratio of 
said water soluble to water insoluble polymer being effective to permit release of said naproxen from said 
pellet ata rate allowing controlled absorption thereof at therapeutically effective blood levels over a 24 hour 
period following each daOy oral administration. 

3. A pellet formulation according to Claim 2, characterised In that the pellet has a dissolution rate which when 
measured Ai vflro in a type 1 dissolution basket apparatus according to U.S. Pharmacopoeia XXII In phos- 
phate buffer at pH 7.2 and at 75 r.p.m. substantially corresponds to the following dissolution pattern : 

a) from 0 to 50% of the total naproxen is released after 1 hour of measurement In said apparatus ; 

b) from 20 to 70% of the total naproxen Is released after 2 hours of measurement in said apparatus ; 
and 

c) not less than 50% of the total naproxen is released after 4 hours of measurement In said apparatus. 

4. A pellet formulation according to Claim 2, characterised In that the pellet has a dissolution rate which when 
measured in vitro in a type 2 dissolution basket apparatus according to US. Pharmacopoeia XXII In phos- 
phate buffer at pH 7.4 and at 50 r.p.m. the dissolution rate substantially corresponds to the following dis- 
solution pattern : 

a) from 20 to 70% of the total naproxen Is released after 1 hour of measurement In said apparatus ; 

b) not less than 50% of the total naproxen Is released after 2 hours of measurement in said apparatus; 
• • and 

c) not less than 75% of the total naproxen is released after 4 hours of measurement In said apparatus. 

5. A pellet formulation according to any one of Claims 2 to 4, characterised in that the core comprises nap- 
roxen or a pharmaceutical^ acceptable salt thereof and the associated organic acid embedded in a 
polymeric material. 

6. A pellet formulation according to Claim 5. characterised In that the polymeric material is insoluble In water 
or slightly permeable to naproxen and water. 

7. A pellet formulation according to any preceding claim, characterised In that the core comprises : 

a) a powder mixture containing naproxen or a pharmaceutical^ acceptable salt thereof and an organic 
acid selected from edlplc acid, ascorbic acid, cftric acid, fumaric acid, malic acid, succinic acid and tar- 
taric acid ; and 
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b) a polymeric material containing a proportion of a pharmaceutical^ acceptable watar soluble polymer 
and a proportion of a pharmaceutical^ acceptable water Insoluble polymer, said core comprising layers 
of said powder mixture and said polymeric material superimposed one upon the other and said 
polymeric material being present In an amount effective to ensure that all of said powder mixture is 
5 coated Into said core. 

8. A peflet formulation according to any one of Claims 2 to 7 f characterised In that the water Insoluble polymer 
of the membrane Is selected from ethyl cellulose, cellulose acetate, cellulose propionate (lower, medium 
or higher molecular weight), cellulose acetate propionate, cellulose acetate butyrate, cellulose acetate 

10 phthalate, cellulose triacetate, poly(methyl methacrylate), poly(ettiyl methacrylate), poly(butyl methacry- 
late), polyOsobutyl methacrylate), poly(hexyt methacrylate), poly(lsodecyl methacrylate), poly(lauiy1 
methacrylate), poly(phenyl methacrylate), poly(methyl acrylate), pofy(lsopropyl aciylate), poiytisobutyl 
acrylate), po!y(ectsdecy! aciylate), pdy(ethy!ene), polyethylene) tew density, poiyfcihyisne) high density, 
polypropylene), poly(ethylene oxide). poly(ethylene terephthalate), polyvinyl isobutyi ether), poly(vInyl 

1 $ acetate), polyvinyl chloride) or poJyurothane or a mixture thereof or from a naturally occurring polymer 
selected from shellac, chltosan, gumjunlper or a mixture thereof. 

9. A pellet formulation according to any one of Claims 2 to 8, characterised In that the water soluble polymer 
of the membrane is selected from polyvinyl alcohol, polyvinylpyrrolidone, methyl cellulose, hydroxypropyi 

20 cellulose, agar, canrageenan, xanthan, hydroxypropylmethyl cellulose or polyethylene glycol or a mixture 



50 



10. A peDet formulation according to any one of Claims 2 to 8, characterised In that the water insoluble polymer 
of the membrane is replaced as appropriate by a proportion of a polymer which is slightly permeable to 

25 naproxen and In that water and the water soluble polymer of the membrane is replaced by a proportion of 
a polymer which Is freely permeable to naproxen and water. 

1 1. A process for the production of a formulation according to any one of Claims 2 to 1 0, which comprises form- 
ing a core of naproxen or a pharmaceutically acceptable salt thereof and an organic acid and enclosing 

30 the core In a membrane of a film-forming polymer or mixture thereof as defined In Claim 2 which permits 
release of the naproxen or the pharmaceutically acceptable salt thereof in the manner set out in any one 
of Claims 2 to 4. 

12. A controlled absorption naproxen formulation for oral administration, characterised In that it comprises pel- 
35 lets according to any one of a aims 2 to 1 0, said formulation including a sufficient quantity of a rapid release 

form of naproxen to ensure prompt achievement of analgesically effective blood levels together with 
therapeutically effective blood levels over a 24 hour period following each daOy oral administration. 

13. A controlled absorption naproxen formulation according to Claim 12, characterised in that it has a dlssol- 
40 utlon rate which when measured in a type 1 dissolution basket apparatus according to U.S. Pharmacopoeia 

XXII In phosphate buffer at pH 12. and at 75 r.p on. substantially corresponds to the following dissolution 



-a)irom^5to-50%-of metotaTnapro^ 

b) from 25 to 75% of the total naproxen is released after 1 hour of measurement in said apparatus ; 
and ... . ... 

c) not less than 65% of the total naproxen is released after 4 hours of measurement in said apparatus. 

14. A controlled absorption naproxen formulation according to Claim 12, characterised In that it has a dissol- 
ution rate which when measured In vitro in a type 2 dissolution paddle apparatus according to U.S. Phar- 
macopoeia XXII In phosphate buffer at pH 7.4 and at 50 r.pjn. the dissolution rate substantially corresponds 
to the following dissolution pattern : 

a) from 25 to 60% of the total naproxen Is released after 0.5 hours of measurement In said apparatus; 

b) from 35 to 75% of the total naproxen is released after 1 hour of measurement in said apparatus ; 
and 

c) not less than 65% of the total naproxen Is released after 4 hours of measurement in said apparatus. 

15. A capsule or tablet comprising a formulation according to any one of Claims 1 to 10 or 12 to 14. 
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